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PROCESS FOR THE PREPARATIO N OF AN METAL -ORGANIC COMPOUND 

6 pQMPffl^iNG AT ^PASTQJ^)ilMiNE UQANP 

The Invention relates to a process for the preparation of an metal- 
organic compound comprising at least one imine tigand acoording to formula 1. Metal- 
organic compounds thus produced are typically used as precatalysl in the production of 
10 potyolefins. Imine llgands for these preoatalyst can be guanidine, iminolmidazollne, 
keBmides or phosphinimine, the manufacturing of which is described \r\ WO 2070569. 
US 6114481 and US 6063879 respectively. 

The known production processes for phosphinimine oomprlsing 
metal-organic compounds require at least two steps: (i) the synthesis of a N-trlalkylsilyl 
1 5 subsHtuted imlne Kgand, followed by (il) contacting this ligand wRh an metal-organic 
precui^r. However, in the one step process for ttie manufacturing of the imine ligand, 
as descn'bed in Z. Naturforschung. 29b, 328(1 974) (the Staudinger reaction), azide 
chemistry Is required* In this prooess, the most the frequently used azlde is 
a:ddotrimethyisilane, which is highly toxlo and readily hydrolysable, releasing the highly 
20 tD)dc and both temperature and shock sensitive hydrazoic acid. Therefore, mixtures 
containing (partially) hydroiyaed trimethylsilylazlde may explosively decompose. 

A process for an azide-free preparation of imlne llgands (i.e. 
phosphinimine) Is described in Canadian patent application OA 2,261 ,518. However, 
this procedure encompasses two reaction steps starting from 
25 aminophosphoniumhaiides. Another disadvantage of the method described in OA 

2^61 .518. fs the use of harmful and costly reagents, such as i>butyillthium. Rnally, in 
this procedure the Imine ligand Is substituted with trimethyisllylchioride, which is 
removed as such in a reaction of the imlne ligand with the metal^rganic precursor. 
Known production processes for guanidine-, ketimfde- and tminoimidazdine comprising 
30 metal-oi^ante compounds care descrllied In WO 2070569 and US 61 1 4481 .They are 
carried out at low temperature and require In some cases a solvent diange. 

Disadvantage of the known less dangerous method is thus that at 
least two steps are required, when starting the process with an 
aminophosphoniumhalide. Purpose of the present invention Is to provide a widely 
35 applicable method for the manufacturing of a metai-organic compound from an Imine 
and a nrtetai-organio precursor in one step. 
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Thfs aim Is achieved in ihat an Imjne Hgand according to formula 1. or 
the HA adduct thereof, wherein HA represents an acid, of whIch H represents Its proton 
and A its conjugate base. Is contacted Wrth a metak>rganic reagent of foirnula 2 In the 
presence of at least 1 , respectively 2 equivalents of base, wherein 

Y— M-R 

I— 1^ n (formula 1) 



wherein Y is selected from a substituted carbon, nitrogen or phosphoix>us atom and R 
represents a protic or aprotic substituent. and: 

M'(Li)k(^),(^)„,(L4)nX (formula 2) 

wher^n: 

M represents a group 4 of group' 5 metal Ion 
15 V represents the valency of the metal ton, being 3, 4 or 5 

Li. La. Lb, and U represent llgands on M and may be equal or different 
X represents a group 1 7 halogen atom 
k, i, m, n = 0, 1, 2, 3, 4 with k+l-Hn-m-i-lsV 

With the method of the Invention a metal-organlc compound, suitable 
as precatalyst in olefin polymerisation, is prepared In one step. An additional advantage 
of the method of the Invention is. that during the process hardly any by-pr<»duct8 stq 
fomied, so that further purification is not necessary (or very limited with respect to state 
of the art processes). The metal-organio compound prepared by the method of the 
Invention has a higher purity than a metaissrganic compound prepared via known 
productton processes and can be used as such in olefin polymerisation processes. An 
additional advantage of the process of the Invention is that the process can be carried 
out at room temperature, whereas the reaction of the N-trlalkylsliyI substituted imine 
Hgand with the metal-organic reagent has to be carried out at elevated temperatures. 

The imIne derivative or its HA adduct, as represented in fbmiula 1 , is 
substituted by an Y-and an R group, in the method of the invention, the Y grvjup 
consists of a substituted carbon, nitrogen or phosphorous atom. If Y represents a 
substituted carbon atom, the number of substituents Is 2. If Y repi^sents a substituted 
nitrogen atom, the number of substituents is 1 and the number of substituents is 1or 3 if 
Y represents a phosphorous atom, depending on the valency of the phosphorous atom. 
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8ubstItU6iTt8 on carbon, nitrogen or phosphorous nriay be equal or different, opHonaliy 
finked vwth each other, opUonaRy having iietero atoms. Subetttuents may be protic or 
aprotic. A protic subsfituent \& deflned here as a substituent whrch has at least one 
group 16 or group 1 6 atom containing at least one proton. 

5 Examples of protic subsltuents include CrQao linear, branched or oyolio hydrooarbyl 
radicals, substituted with a group 15 or 16 atom bearing at least one hydrogen atom. 
Pr^erred protic substituerAs include phenoRc radicals, pynroilo radicals, Indolfo radicals, 
and InrddazoHc radicals. 

The substituent is catled aprotic if the substituent lacks a group 

10 containing a group 15 or group 16 atom bearing a proton. An unsubstituted aprotfo 
hydrooarbyl radical can be a Ci^-Cao linear, branched or oycfic radical, a hydrogen 
atom, a halogen atom, a Ci^alkoxy radical, a Co^ioaryl or aryloxy radical, an amido 
radical, or a hydrocatt)yl radical unsubstituted or substituted by a halogen atom, a 
Ci^alkoxy radical, a C0.ioaryi or aryloxy radical, an amido radical, a sUyl radical of the 

15 fomiula: - 

Ft" 

(formula 4) 

or a germanyl radical of the formula: 

20 

-G6-R22 

(fomiula 5) 

wher^n \vith ]» 1 to 3 is independently selected from the group consisting of 
hydrogen, a Ci^alkyl or alkoxy radical, Ce^ioaryl or aryloxy radicals, each substituent 
25 R^^ may be linked \with another R^ to form a ring system. 

The substituent R can be H, or being equal as these for the substituent on Y. • 
Examples of imine Irgands according to formula (1) thus Include: guanldlnes, 
iminoimidazolines, phosphinimines, phenollmines, pyrroleimines. Indoleimines and 
imidazolelmines. 

30 R nnay be linked with Y, thus forming a ring system, optionally 
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comprising h^ro aioms. or optionaHy comprisfng functional groups. Examples of 
ligancfe comprising such ring systems include: B-hydroxyqulnollne. 8-amfrwqulnollne. 8- 
phosphfnoquinollne. 8-thIoqulnollne, 8-tiydroxyqulnaIdlne. B^frjoqulnaldlne. 8- 
phosphlnoquinaldine. 84hioqufnaldlne and y-a^ainctote or indazoie. 

In the process of the Invention. HA repr^ents an add. of which H 
represents its proton and A Its conjugate base. Examples of A are halogenldes. such 
as fluoride, chloride, bromide, or iodide, sulfate, hydiogensulfate. phosphate, 
hydrogenphosphate. dihydrogenphosphate. carbonate, hydrogeneariwnate. aromaBo 
or aliphatic carboxylates. cyanide, tetrafluorobomte. (substituted) tetraphenylbomtes. 
fluorlnated tetraarylborates, alkyi or aryl sulfonates. 

With "at least 1 , respectively 2 equlvatens of a baee^. and iateron in 
the application "at leasts, respectively 4 equivalents of a base", is meant that at least 
1. respectively 3 equivalents of a base are required when the imine figand as such Is 
used, but that at least 2. respectively 4 equivalents are required, Ir) case the HA adduct 
of the imine ligand is used. 

The nfwtal-organic reagent used in the method of the invention is a 
reagent according to formula 2. in this formula L, to Ucan independently be a 
monoanlonio ligand or a group 17 halogen atom. 

Bcarnples of monoanionic llgands are: haiides Kite a fluoride, chloride, bromide or 
Iodide, (un)subslituted aliphatic or aromatic hydiocart>yi8. like Ci-Ca, hydrocarbyf 
radicals, aryloxy or alkyloxy, cyclopentodlenyls. Indenyls, fetrahydrolndenyls, 
fluorenyls, tetrahydrofluorenyls, and octahydrofluorenyls. amides, phosphld^. sulfides, 
ketintides. guanidines. Iminoimidazollnes, phosphinimkies. substituted Imlnes, like 
(hetero)aryloxyimlnes, pyrrolelmlnes. indoleimines, imidazoleimlnes or 
(hetero)aryioxkies. 

Preferred monoanionic ligands Include: fluoride. chtorWe. bromide, 
iodide, C-Cho hydrooarbyl radicals, cyolopentadienyl, C1-C20 hydrocartiyi substituted 
cyclopentadienyis. halogen substituted Ci-Ca hydrocarbyl substituted 
cyclopentadienyls, indenyl. C-Cjo hydTOoarbyl substituted Indenyls. halogen 
substituted C,.Qao hydrooartjyl substituted Indenyls. fluorenyls. C-C^o hydrooarbyl 
substituted fluorenyls. hatogen substituted C-Ca, hydrocarbyl substituted fluorenyls, 
C1-C46 substituted phosphininrides. C,-Ca, substituted ketimldes, C-Cgo substituted' 
guanidines, CrCso Iminoimidazollnes. 

Most preferably monoanionic Rgands are selected from fluoride, 
chtoride, bromide, iodide, cydopenladlenyl. Ci-Qza hydrooarbyl (optionally containing 
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heUmo- or group 17 halogen atoms), substituted cyotopentadienyls. Indenyl. C,<ao 
hydrocarbyl substituted indenyls, and hatogsn substituted C,-C^ hydrooarbyl 
substituted indenyls. 

Depending on the valenoy of the metal of the m^atotganlc reagent, 
5 preferably at least on© Li, U, U, or U represents a group 17 atom. If the valency of the 
metal V = 3. on© or two iigands L may represent a group 17 atom. If V = 4, tw> or three 
Bgands L may represent a group 1 7 atom. If V = 5, two to four Iigands L may represent 
a group 17 atom. Preferred group 17 atom Iigands are fluoride, ohiorlde. bromide or 
iodide atoms. The most preferred group 17 atom llgand is chloride. 

^ ^ In fhfr method of the invention an imine llgand or the HA adduot 

thereof according to fonnula 1 , Is contacted w^th a metai-organlc reagent of formula 2 
In the presence of at least 1, respectively 2. equivalents of a base. Examples of a base 
include, carboxylates (for example potassium acetate), fluorides, hydroxides, cyanides, 
amides and oarbonates of U. Na, K, l=lb, Cs, ammonium and the group 2 metals Mg, 

15 Ca. & Ba,.the aiicali metal (U. Na, K. Rb, Cs) phosphates and the phosphate esters (eg. 
Ck Hs OP(OKONa)a and related aryl and alkyl compounds) and their aiitoxides and 
phenoxWes, thallium hydroxide, alkylammonium hydraxides and fluorides. Some of 
these bases may be used in eonjuncfion with a phase transfer reagent, such as for 
example tetraalkyfammonium salte or crown ethers. 

20 Also stronger bases m^ be applied, like oarbanions such as hydrooarbanions of group 
1, group 2, group 12 or group 13 elements. Also the metallic alicaiimetals of group i 
may be applied as a base. 

Prefen-ed bases include amines, organotithium compounds, or 
organomagnesium compounds, alkali metals, group 1 hydrides or group 2 hydrides 

25 More preferred bases are mono., dl-. or trKalkylamines or aromatic amines, 
organolithlum confounds, organomagnesium compound, sodium hydride or 
c^dumt^ride. Under aronattc amines is understood in this application compounds 
having a nitregen atom In an aromatic ring system or mono-, di-, or triaryiamines. 
Even more pi^rred bases are triethylamine, pyridine, tripropylamine, tributylamine, 

30 1 .4-dlaza-biGyclo[2,2.goaane, pyn-oHdine or piperidine organolithlum compounds, or 
organomagnesium oompotindis. Ekamples of organomagnesium compounds are: 
mathylmagneslumhaHdes, phenylmagnesiumhalides. bens^magnesiumhalides, 
blphenyimagnesiunf^lides, naphtylmagnesiumhaiides. tolylmagnesiumhaiides, 
xylylmagnesiumhalldes, mesitylmagnesiumhaiides, 

35 dimethylresorclnolmagneBlumhalldes, N,N-dimethylanIHnemagneslumhaJides, 
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dimethylmagnesiumr diphenylmagnesium, dibenzylmagnesium, 
biB(biphenyi)magnesium, dfnaphtylmagnesiumt ditolylmagneeium. dixylylmagneslum, 
dlmesitylmagnesium, bis(dim0thylmsorcinol)mdgne8ium, bis(N,N- 
dimethylannine)magnesium. 

5 Examples of organolithium compounds are: methyllithium, phenyllithium, benzylllthiumi 
biphenyllithium, naphtyllithlum. dimethylresorcinoilithium, N,N-dImethylaniIinelithium. 

in order to make a poiyolefin by a borane or borate aotivatable meftal- 
organic compound, the hallde groups of the metal-organic compound from the process 
of the invention have to be alkylated or arylated. Thfs can be done for example with an 

10 organolithium compound or an organo magnesium compound. Surprisingly it has been 
found that such ai(<ylated or arylated metal-organic compound can also be prepared in 
one step by the process of the invention by carrying out the process in the presence of 
at least 3, respectively 4 equivalents of an organomagneslum compound or an 
organolithium compound as a base. 

15 The reaction is preferably canted out in a solvent. Suiteible solvents 

are solvente that do not react with the metel-oi^aniG reagent or the metahorganio 
compound formed In the process of the invention. Exemripies of suitable solvents 
include aromatic and aliphatic hydrocarbons^ halogenated hydrocarbons, amides of the 
aliphatic carboxytio adds and primairy. secondary, or tertiary amines, OMSO, 

20 nitromethane, acetone, acetonitrile, benzonitrtle, ethers, poiyethers, cyclic ethers, lower 
aromaHc and aliphatic ethers, esters, pyridine, ailqflpyridines, cyclic and pnmary, or 
secondary amines, and mixtures thereof. Preferred solvents include aromatic or 
aliphatic hydrocarbons or mixtures thereof. 

In a preferred embodiment of the method of the invention, R 

26 represents a hydrogen atom and Y Is selected from the group consisting of: 



I) a phosphorus substituent according to the f omnula: 



30 



R13 



(formula 3) 



wherein each R^^, with J « 1-3 Is Independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a Ci^alkoxy radical, a Ce.ioar/l or aryloxy radical, an 
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amido radical, or a hydrocarbyi radicai unsutotituted or substituted by & maAogen 
atom, a Ci^Bilttncy radioal. a Ce.ioaryI or aryioxy radicai, an anr^ radical, a silyl 
radical of the formula; 

5 R^'' (formula 4) 

or a gemianyl radical of the formula: 

--Ge-R22 

R23 

(formula 5) 

10 

wiiereln R^, with j»1-3. is independently selected from «ie group oon^ng of 
hydrogen, a Ci.salkyl or alkoxy radioal, Cg-iDaryl or aryioxy radicals, 
each eubstituerrt or may be linked with another R^' or respeotlvety to form a 
ring system, 

15 

ii) a substituent according to fonmuia 6: 



Sub^ 
/ 
C 
\ 

Sub^ 



(fonnula 6) 



wherefri eadi of Sub* and Si4>^ is independently selected from the group consisting of 
hydrocarbyi radicals having from 1 to 3Q carbon atoms; stiyi radlcais, (substituted) 
andido mdteals and (substituted) phoephido radicals, and wherein Sub^ and Sub^ may • 
be linked wMi each other to form a rkig ^em. 
2S Pretferably Sub^ and Sub* are each independently selected from the group of C1-C20 
hydrocarbyi radicals, or substituted amido radicals opttonaHy linked by a brklging 
mdety. 
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The process of the invention can be carried out, by adding at least 1 , 
respectivety at least 2 equivalents of a base to a mixture of the irnine iigand or its HA 
adduct and the metal-organio reagent thus forming a reaction mixture. The desired 
metal-organic compound is often fonmed Instanteneously, Excess of a base may be 
5 applied without negative effects on the reaction product. If the reaction is exothermic, 
the reaction mixture may be cooled to a citable temperature to comrol the reaction. If 
the reaction is slow, the reaction mixture may be heated in order to Increase the 
reaction rate. During the reaction, a salt is formed. The reaoKon mixture as obtained by 
contacting an imine or ite HA adduot may be used as precatalyst in a polyolef in 
1 0 polymerisafion without an additional filtration step if tiie salt fonned during the reaction 
is compatible with the polynwrisation process. If a salt free metal-organic compound is 
required, tiie salt can be removed by using a filtration. Depending on the solubility of 
the metal-organic compound, the mixture may be heated and then tittered. An 
advantage of the present Invention is that the filtrate may be used as such without 
1 5 further purification in a following process, such as an alMation or arylation step or the 
polymerisation process- If desired, the metal-organic compound may be isolated by 
distillation of the solvent, by precipitation or by crystallisation from a suitable solvent 

The invention further relates to a process for the preparation cff a 
polyolef in as described in claim 10. Such an olefin poiymerlsation can be carried out in 
20 soltrtion, sluny or in the gas phase. 

In a preferred embodiment of the olefin poiymerlsation the (alkylated) 
metal-organic compound Is formed in situ* By in situ preparation is meant In tills 
context, tiiatthe metal-organic compound is made and subsequentiy activated In or 
anywhere before the reactor of die polymerisation equipment by contacting an imine or 
25 Its HA adduct wltti an metal-organic reagent in the presence of an olefin polymerisation 
compatible base. Examples of bases compatible with the olefin polymerisation process 
include amines, organomagnesfum compound, organoilthium reagents, organozinc 
reagents, organoaluminum reagents* More prefen'ed bases are: aromatic amines, 
organomagnesfum compound, organoilthium reagents, organozinc reagents, 
30 organoaluminum reagents. Most preferred bases are N,N-dlmethylanlline, 

diphenylmethylamlne. triphenylamfhe. dlbutylmagneslum, n-butyllithium, Ci-Cgo 
dihydrocarbylzinc derivatives, dllsobutylalumlnlum hydride, CrCgo trihydrocarbyl 
aluminiums, or alumlnoxanes. In the case where aluminoxanes are applied as a base, 
tiie base can be the activator. 
35 In the olefin poiymerlsation according to the invention, R preferably represents a 
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hydrogen atom and Y Is preferably selected from the group oonsisting of: 
i) a phosphorus substftuent according to formula 3 of claim 2 or * 
D) a substltuent aooording to fbrmuki 6 of claim 2. 

Advantages of tfie process of the invenfion are: higher yields, higher reaction nates and 
5 smailer amountB of by^roducte. The (aOtylated) metal-organio oompounds as olstained 
by the invented process can be used without furttier purification in the defln 
polymerisation resulting in more active catalysts. 

The invention will be eluc^'dated with some non-limiting examples: 

10 

General part 

Experiments were performed under a dry and ojq^gen-free nitrogen 
atmosphere using Schlenk-llne techniques. ^H-^MMR, '^C-NMR-spectra and ^^P-NMR- 
^eotra were measured on a Bruker Avance 300 spectrometer. Diethyl ether and ligroln 
1 5 were distilled from scdium/po&ssium alloy; THF and toluene h'om potassium and 
sodium. respectively»all hawig benzophenone as incficator. 
Tri-ethyleufitine was distilled from caloiumhidoide before uee. 
Otiier starting matertols were used as obtained. 

20 ,Qftmi»r8ttvig.gxp,9ilm9rrt A 

SvntiiaBia of N^m ethvlsMvltri-fQi»butvlDhQehlnlmtna 

To neat tri-«efiH)utylphosphane (4.38 g, 21 .7 mmol) waa added 
azidotrimethylsilane (1 . 00 mL, 0.87 g, 7,56 mmol). The mixture was heated to flie 
temperature where the fomiatloh of nitrogen started (approximately 110*0). A white 
25 precipitate started to fonn. The remaining ampurrt of azide (i .62 g. 1 4.1 mmol) was 
added portlonwise in order to control the reaction. The product was distilled resulting In 
4.20 g (66%) of N-trimetiiylsilyltri-tert'butyiphoshinimine. 

Preparation of fCDmfNPft-Bn>^)rJ ^ using QpTiCk and N-trimethvlsHvl-tri-tert- 
30 butvlphoahinlmine 

To a solution of cyclopentadlenyttltanlum trichloride, QjTiCIa (0.430g, 
1.96 mnrtoO in toluene (25 mL) was added solid N-trimettiylsllyttri-tei^butylpho&hinimlne 
(0.56^, 1 .88 mmol). Tfie solution was heated to 60''C for 30 minutes and subsequently 
stirred oveml^it The volatiles were removed In >^uo and the product was washed 
35 ttiree times with llgroln. Drying of the yellow solid resulted Ih 0.83 g (81 %). OveraH yield 
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wRti respect to the phosphine: 63%, 

Example 1. One-step preparalion of fCp)Ti(NP(t>BuX^ )Clg from TrMert^PUtvl 
Am^nophospho n^^p^ ChtoridB ft->Bu^PCINHo^ and QpTiCIf^ using triethvlamlne basQ 

5 a Synthesis oft'Bu$PCINH^atatmo$phei1o pressure 

To a solution of tert-butylphosphane (4.06 g, 20.1 mmol) in ether (60 mL) was 
added hexachloroetfiane (4.76 g, nnmol). Hie mixture became 
jietemgeneous. Acetonitrile (20 mL) was added to obts^ a iiomogeneous soiutibn. 
^V-NMR showed the oxidation to be complete. Ammonia gas was bubbled 

1 0 through at atmospheric pressure for 20 minutes. After 1 6 hours, the conversion 

appeared to be 71% according to ^V-NMR. NH3 was bubbled through again for 1 0 
minutes. The reaction was complete after stirring for 3 days at room temperature 
and atmospheric pressure. The solvents were removed in vacuo resulting in 4.98 g 
(98%) of a white powder being characterized fay "^H-NMR and ^P-NlViR as 

1 5 tris{terQbutylaminophosphonlumohloride. 

b- One-step preparation of (Cp)Ti(NP(t'Bu)Q)Ck from Trhtert-buHyl 

Amfnophosphonlum Chloride (t-BuaPCiNH^ and CpTICk using triethylamine as 
base. 

To a solution of commerdally avaifable CpTiCIs (0.55 g. 2.5 mmol) in toluene (20 
20 mL) was added the aminophosphoniumchloride prepared under a (0.63 g, 2.6 

mmol). To the almost dear solution was added an excess of trfethylamlne (2.5 mL. 
18 mmol). The reaction mixture became more heterogeneous and the colour 
changed to orange. After stinging the reaction mixture overnight, the formed 
triethyiammcniumchloride was filtered. The solvents from the f ittrate were removed 
26 In vacuo. NMR analysis (^H, and ^^C) showed (Cp)TI(NP(t-Bu)3)Cla with no 
detectable amounts of by-product. 

Example 11. One-step preparation of (Cp>CpFgm^NPft-Bu^g)C[o from Tr^tert-butvl 
Aminophosphonium Ch loride ft^Bu^PClNHo^ and CpfCF.mCi^ using triethviamlne as 
30 base 

To a solution Of CeFsCpTICls (1 ,00 g, 2,59 mmol) (obtained by the 
method described In J. Organomet, Chom., 2000, 107 by Rausoh et, al.) In toluene (60 
mL) was added f-BuoPCiNHa (0.68 g, 2.59 mmol). To the orange mixture was added 
triethylamine (1 .0 mL, 7,2 mmol). A precipitate was formed immediately and NMR 
35 monitoring of the reaction mixture showed complete conversion to the desired 
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products, vrith no dstactabte amounts of by^»odueL "me mbcture «»as stin^d for 3 days 
The .^action mixture was filtsred and the solvent and excess triethylamine were 
removed In vacuo resulting Inl ^ g (83%) (Cp.CaF5)TI(NP(t.Bu)3)a.. '"P- and ^H- 
NMR Showed (C|>C«Fe)TI(NP(t-Bu)3)Cb with no deteclable amounts of ty-p«xluct 

Example Ifl. On^.^^p Rrepqry,t|on nf ( nr>^ aFa )i m:Bu).lMe. f.r)m Tn.u«fJt..^ ' 
AminophosphopMm rm^^ immPam.^ ann np fr ^,>r.ni, , ^tt 

methvlmj^np^p ^bronnlda as tf a^i^ 

To an orange mixture of CeFsCpTiCIa (1 .00 g. 2.69 mmoQ and t- 
BusPaWHa (0.68 g. 2.59 mmol) in toluene (60 mL) and THF (20mL) was added a 
MeWgBr solution In ether (3.0M, 4.0 mL. 12 mmol) at -20»C. The reaction mixture was 
stirred for 45 minutes and subsequently dHed In vacuo. The residue was extracted with 
boinng ngraih (20and 40 mL respectively). The solvents were removed in vacuo 
resulting ln1.33 g (98%) of (Cp-C6F«)Tj(NP(t-Bu)a)Me. wfth no d^eclable amounts of 
16 by-product 



10 



20 



25 



30 



A miripphpsphomum Bromide (rhBi^,PffrN m n nn mnn , usino triethvi^min. 

a. Synthesis of n-BuaPBrNHg 

Tri-n-butylphosphane (20.2 g. 0.10 mol) was dissolved in acetonHrire (200mL) The 
solution was cooled to 0»C and bromine (16.2 g. o.io mol) was added in 10 
minutes. An exotiiemilc effect was observed. After 1 0 minutes, the cooling bath 
was removed. The bright yeHow mixture was stined for 2 hours after reaching 
room temperature. The mixture was again cooled to 0<»C and ammonia was 
Introduced. An exothermal reaction occurred. The temperature Increase was 
oontrofled by ihe addition rate of the ammonia. The yellow slurry tums white after 
15 minutes and ammonia was bubbled ttirough for an additional 10 minutes. The 
aoetonltrite was removed in vacuo and th& residue was extracted wfth 
dichteromethane (2x150ml). The solution was decanted from the solids and the 
solvent was subsequentiy removed in vacuo resulting In a white solid. Yield: 28 2 a 
(95%)n-Bu3PBrNHa. 

Bromide (n-BuaPBrNHJ andCpTlCh using tfiethylamln&asbase 
CpTICIa (2.21g. 10.1 mmols) and n^PmjBr (3.05g 10.2 mmols), were 
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dissolved In toluene (80mL). At room temperature triethylamlne (4mL, 29 mmol) 
was added dropwise over a period of 10 minute©. The reaotjon mixture 
immediately became heterogeneous and the colour changed from orange to bright 
yellow. The mixture was stirred for 1 hour at room temperature (according to 

5 NWIR the reaction was converted completely to the desired product). The 

ammonlumsaJt was filtered off and washed once with 25 mL of toluene- The 
solvent was subsequently removed In vacuo leaving a viscous residue (product 
contaminated yOh small amounts of solvent), in order to obtain a solid product, the - 
resulting residue was dissolved In 80 ml of hexanes and 26 mt of 

10 dichtoromethane. Removing the solvent In vacuo yielded 3.4g of the product as a 
yellow solid (85%) being CpTi(NP(n-Bu)3)C)2. 

Exampte V. Synthesis of trls(N,N-dimQthvlamtdo^phosDhoranefmido cvclopentadienvl 
tttanium(IV) dtehloilde 

15 To a cold solution {-60®C)<rfcyclopentadienyttitanlum trichloride 

(0.50g, 2,28 mmol) in toluene (30 mL) was added N,N,N\N',N",N",N"'.N'"- 
hexamelhylphosphorimldlc triamfde (0,41 g, 2,3 mmol). The mixture was allowed to 
warm to room temperature. Then, triethylamine (1 .0 mL, 7.2 mmol) was added. A 
precipitate fonned directly after the addition of the triethylamine. ^^P-NMR reaction 

20 monitoring showed that the desired product was formed without any detectabfe amount 
of by-product The reaction mixture was filtered in order to remove the 
triethylammonium chloride. The solvents were removed in vacuo and the residue was 
crystallised from toluene to give 0.73 g (yield: 89%) of a yellow crystalline product, 
which was charaofcerteed by ^H- and ^V-NMR to be tris(N,N- 

25 d]meftiylanddo)phosphomneimido cyciopentadlenyl titanium(IV) diohlorlde. 

Example VL Synftesis of 1 >3-bisfg,6<flmethvtphenvlVimlnolmtda2Qline 
gVc(oper>tadier>v! rm^m dlohlQWde 

To a suspension of 1,3-bi6(2,6^dfmethylphenyl)-imfnoimrda2olfne 

30 (1 .50 g, 5.0 mmol) (prepared according to the procedure by L.ToIdy et al, US Patent 
4^84,642), and cyclopentadlenyltitanfum trichloride (1-10 g, 5 mmol) in toluene (80 
mL) was added triethylamine (1 .0 mU 7.2 mmol) at ambient temperature. After stirring 
for 1 hour, the suspension was heated to reflux, then filtered hot. Cooling to ambient 
temperature gave orange ciystals, which were filtered, washed wfth cold toluene and 

35 dried (1 .36 g, 57% yield). ParBal evaporation of the mother liquor and cooling to -20 ""C 
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afforded another 0.90 g (38%). Total yield of 1 ,3-bis(2,6-dinnethylpheny!> 
iminoimideu&oline cyolopentadienyl titanium dichloiide was 95%. , 

Example VIL Synth esis of 1.3-b{sf2,6>dimethvlDhenvnHminoimida2Qllne 
5 cvdopemadtenvl titanium dimethvj 

To a suspension of 1,a-bte(2.6-dimethylphenyl)HminolmldazoHne 
(5.86 g. 20.0 mmol) and cyclopentadionyltitanium trichloride (4.3d g, 20.0 mmol) in 
toluene (200 mL) was added trfeHrylamine (2.53 g. 25 mmol) at ambient temperature. 
Alter sUmng for 1 hour at ambient temperature, the thidc yellow-orange suspension 

10 was heated to reflux and filtered hot The yellow residue was extracted with boiling 
toluene portions of 10 mL 4 ttnes (leaving a grey-white residue)* The combined orange 
filtrates (separating yellow-orange crystals upon cooling) ww cooled to 0"^. Methyl 
magnesium bromide (14 mL of a 3.0 M solution in diethyl ether, 44 mmol) was added in 
10 minutes. The orange suspension turned yenow gradually. The mixture was stirred 

1 6 overnight then evaporated to dryness. The residue was extracted with k)olllng llgroin 
(200 mL) and the resulting suspension was filtered hot Cooling to approx- -20**C 
affonSed yellow crystals, which were filtered and washed witii cold ligrcin to give 2.8 g 
(32% yield) of UMH pure product. From the partially evaporated mother liquor and 2"^ 
llgroin extract, a 2"^ fraction of pure product was obtained (1 ,0 g, 11%). Total yield of 

20 1 ,3-bis(2,6-dimethyiphenyl)-lmlnoImldazollne oyclopenteidienyl titanium dimethyl was 
43%. 

Example V»»- Synthesis of 1.3-bisf2.6<HmethvlphenvlWmlnQimldazoilna 
pvdopentadienyl titanium dimethvi using methvimaanesium bromido as base. 

25 To a suspension of 1 ,3-bis(2,6-dimethylphenyl)-lminolmidaroQne 

(2.93 g, 10.0 mmol) and cydopentadlCTyltltanium tridiloride (2,19 g, 10.0 mmol) in 
toluene (100 mL) was added methylmagnesiumbromide (1 1 mL of a 3.0 M edution in 
diethyl ether, 33 mmol) at -80**C during 10 n^nutes. The mixture was allowed to warm 
to ambient temperature to give a yellow suspension, THF (30 mL) was added, and the 

30 mixture was stirred for IS hours. The Bght yellow suspension was evaporated to 
dryness. The residue was extracted with boiling llgroin (100 mL). The resulting 
suspension was filtered hot The cake was extracted further with hot ligroln (Three 
times with 60 mL until ttie filtrate became colourless). The combined yellow filtrates 
were partially evaporated under reduced pressure to 50 mL- Cooling to approx. 4^C 

35 afforded yellow crystals, which were filtered and washed with cold iigroln to give 2.05 g 
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(47% yield) of NMR pure 1,3-bls(2,6-dlmethyIphenyt)-InfiInofmidazollne 
cyclopentadlenyi titanium dfmethyi. 

Example IX, Synthesis of l,3-blsf2.6"dlisoprQPvJpbeavlWmtnQimi^ 

5 cyolopentadlenyi titanium dlchloride 

a. SynthediB of 1,3-bls(2,e<nsopropylphenyl)-imlnolmlda2x^ 

To a mixture of 2,6-dnsopropylaninne (260 1 .47 mo!) in etiianol (1200 mL) waa 
slowly added glyoxal (1 08,5 g of a 40 w-% in water sotutioPp 0.75 mol). The . 
solution turned intenseiy red, then intensely yellow. The mixture was heated to 

1 0 reflux overnight Cooling to 4 degrees resulted In orystatlisation of yellow material, 
which was filtered and washed wKh cold ethanot until filtrate became bright yellow 
(instead of brown). The bright yellow powder was dried (202,6 g, 72%). This 
dlimlne (100 g, 0.27 mol) was dissolved in ethanoi (1000 mL). The mixture was 
cooled to O^C, Sodium borphydride (102.1 g, 2.7 mol) was added in portions during 

15 1 hour. The mixture was allowed to wanm to room temperature, then stirred 1 hour. 
The mixture was heated to reflux gently (gas evolution!) and heated to reflux for 1 
hour. After cooling, the mixture was admixed with water (2L), and the suspension 
filtered. The yellow precipitate was dried (100.1 g, 98%). 
57 g (0.15 mol) of the diamine was dissolved in toluene (250 mL) and heated to 

20 reflux. A solution of oyanogen bromide (1 9.1 g, 0.1 8 mol) in toluene (1 00 mL) was 
added during the course of -1 hour, resulting in fomiatlon of a grey precipitate in 
an orange-^red solution. After stirring at reflux fw 1 hour, tiie mixture was cooled. 
The precipitate was fUft^red, washed witii toluene and iigrc^n (to give 47.1 g yellow 
Ifght powder). This powder was dissolved In water/ethanol 400/600 mL, and 10.0 M 

25 NaOH in water was added until atrongly baslo (pH>^ 0). The precipitate was filtered 
and washed witti water, then dried to give 37.3 g (61 .4% yieM) of near pure 
product. The iminoimidazoline can be crystsdllzed to give pure material as 
colouriess crystals from boiling iigroin (270 mL) and filtering hot to remove some 
Insoluble material (recovery 87%). 

30 b. Synthesis of 1,3'bfs(2,6'dilsopropylph9nyl)^iminolmldazoUne cyolopentadlenyi 
titanium dichtorlde 

To a suspension of 1 ,3-b!s(2,6-diisopropylphenyl)Mminoimidazoline (1 .02 g, 2.5 
mmoi) and cyolopentadienyltitanium trichloride (0.65 g, 2.5 mmol) in toluene (20 
mL) was added triethylamlne (0*4 mL, 4.0 mmol) at ambient temperature. After 
35 stirring for 2 hours, the thiols yellow-orange suspension was filtered, and the filtrate 
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evaporated to dryness to afford 1 .31 g (89% yield) of NMR-pure 1 ,3-bfs(2,6- 
dllsopropylphenyl)-lmlnolmldazcUn0 oyotopentadienyltitanlum dlchloride. 
a Synthesis of 1,3-bte(2,6^iteopropyiphBnyl)'lminolmidazoline cyclopentadlenyl 
titanium diohlorlde (reversed addition) 
5 The same result as under b, was obtained when o^dopentadienyltltanlum 

trichlorfcle and triethylamine were admixed tn toluene, and then figand was added, 
d. Synthe^ ot l,3'bh(2,e<lllsopmpylphenyl)'imInotnida^Bn0 cyclopentacBenyl 
titanium dldhloridB 

To a su^nsion of 1 ,3-bfs(2,6-dir8opropy]phenyl)-imtnoimidazolIne 
10 (2.03 g, 6.0 mmol) and cyctopenfadi^yltitanlum trlohtorlde (1 .10 g, 6.0 mmol) fn 

toluene (30 mL) was added triethylamine (0«8 mL, 5,7 mmol) at ambient temperature. 
After sdrlring for 1 hour, the tfiick yelfow-orange suspension waa diluted toluene 
(60 mL) and ligroln (1 20 mL). The si^nslon was heated to reflux and filtered hot 
Cooling to approx. 4^C afforded yellow crystals, which were filtered and washed with 
1 S cold Ifgroln to give 1 .34 g (46% yield) of NMR pure 1 ,3-bte{2,6-dllsopropylphenyl)- 
iminoimidazoline <^clopentadienyl titanium dichloride. 

Example X. Svothesla ol 1 .3>bisf2,a^soDrooviPh envlHminQ!midazQllne 
ovolopentadienvl ft'tantum dimetbvi 

20 To a suspenston of 1 ,3-bis{2,6-di?8opropylphenyl)-iminolmida2oline 

(2.0$ S.0 mmol) and qfclopentadlenyrtilanlum trichloride (1 .1 0 g, 5-0 mmol) in 
toluene (40 mL) was added triethylamine (0.8 mL, 5.7 mmol) at ambient temperature. 
After sHnIng for 2 hours* tfie thick yeIlowK>range suspension was filtered, and the 
residue washed with toluene. The dear and orange fiRrate was partially evaporated 

26 (-10 mL solvent removed). After cooling to -78 (dry ice/acetone), meihyl 

rr^gnesium bromide soluQon (3.3 mL of a 3M solui^n in diethyl ether, 10.0 mmoQ was 
added. The temperature of the mixture was allowed to rise to ambient temperature and 
the mixture was sUrred overnight The yellow suspenston was evaporated to dryness. 
The residue was extracted with boiling ligroin (80 mL) and the resulting suspension 

30 was filtered hot Evaporation to -30 mL and cooling to approx. 4^C afforded yellow 
crystals, which were filtered and washed with cold ligroln to gh^e 1 .38 g (51% yield) of 
NMR pure product. From the partially evapoi^ted mother liquor, a 2"^ fraction of pure 
1 ,3-bls(2,6-diisopropylphenyl)-imlnojmida20lin© cyoloperrtadienyl titanium dimethyl was 
obtained (0.58 g. 19%). Total yield of 1,3.bis(2,6-diisopropylphenyl)-im!noimida2oline 

36 cyclopentadienyl titanium dimethyl: 70%. 
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CLAIMS 

1 . A process for the preparation of a metal-organic compound, comprising at 
least one Imlne ligand, characteiized in that an imine tigand according to 
6 formula 1 or the HA adduct thereof, wherein HA represents an acid, of which 

H represents its proton and A its conjugate base, is contacted with a metal- 
organic reagent of formula 2 In the presence of at least 1 , respectively at least 
2 equivalents of a base, with 

10 Y=N-R as formula 1. 

wherein Y is selected from a substituted carbon, nitrogen, or phosphorous 
atom and R represents a substituent, and with 

15 M^(Li )ic(L2)i(L3)m(L4)nX as fomiuia 2, 

wherein: 

M represents a group 4 or group 5 metal ion 

V represents the valency of the metal ion, being 3, 4 or 5 
20 Li, U, and U represent a iigand or a group 17 halogen atom on M and may 

be equal or different, X represents a group 17 halogen atom, 

l(, I, m, n 0» 1, 2, 3, 4 witti k+l+m+n-hlasV, 
2. A prooess according to daim 1 \AriiereIn R represents a hydrogen atom and 

wherein Y is selected from the group consisting of: 
25 0 ^ phosphorus substituent defined by the formula: 

Rl1 

R**^ (fonnulaS) 



wherein each R^^, with j 1-3 Is independently selected from the group 
30 consisting of a hydrogen atom, a halogen atom, a Ci.b alkoxy radical, a Ce-io 

aryl or aryloxy radical, an amido radical, or a hydrooarbyl radical 
unsubstituted or substituted by a halogen atom, a Ci^ali^oxy radical, a Co.io 
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aryl or andoxy radical, an amido radfcai. a sHyi radical of the formula: 



R21 

-Si-R22 
r23 



(formula 4) 



5 or a germanyl radical of the formula: 

r23 



(formulas) 



wherein R^ls independently selected from the group consisting of hydrogen, i 
10 Ci^,alkyl or allcoxy radical, CMoaryl or aryloxy radicals, 

each substituent R^' or R« may be linked with another or to fomi a ring 
^stem, 

ii) a subetttuent defined by fomiula 6: 

/ 
C 
\ 

IS (fomiulae) 

wherein each of Sub' and Sub^ is Independently selected from the group 
consisting of hydrocarbyl radicals havring from 1 to 30 carbon atoms; sllyl 
radicals, (substituted) amIdo radicals and (substituted) phosphide radicals, 
20 and wherein Sub' and Sub* may be linked with each other to form a ring 

system 

3, A process according to claim 1 or 2 wherein the base Is an amine, a group 1 , 
2, 12, 1 3 hycfarocarbanion or a metal or metaibid hydride. • 

4. A process according to claim 3 wherein the base Is an amine, a group 1 
25 hydride or a group 2 hydride, an organomagnesium- or an organolithlum 

compound. 

6. A process according to daim 4 wherein ffie base Is a diaikylamlne, a 
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6. 



7. 



8. 



10 



10. 



15 



20 11. 



25 



12. 



.13. 



trialkylamlne, a dfeuylamlne or a triarylamlne, an organomagnesium- or an 
organoljthlum ccmpoundr 

A process according to claim 5 wherefn the base is triethylamine» pyridine, 

tripropylamine, tributyiamina, 1,4-dfaza*bicyclo[2.2.2]ootane, pyrrolidine or 

piperidlne, an organomagne^unv or an organolithtum compound. 

A process according to daim 1-6, canrled out in Hia presents of at least 3 

respectively 4 equivalents of an organoltthlum- or an organomagnesiunn 

compound. 

A process according to claim 1-6 whsr^n the reaction is carried out In an 
aprotic solvent. 

A process according to daim 8, wherein the solvent is the base. 
Process for the preparation of a polyolef in in the presence of an activator, 
characterized in that the process is carried out in the presence of a metal- 
organic compound comprising at least one imine ligand according to formula 1 
of claim 1 , obtained by a process wherein an imine, or the HA adduct thereof, 
wherein HA represents an acid, of which H represents Its proton and A its 
conjugate base, Is contacted with a metal-organic reagent of fonnula 2 of 
claim 1 In the presence of at least 1 equivalent, respectively at least 2 
equivalents of a base. 

A process according to claim 10 wherein R represents a hydrogen atom and 
wherefti Y Is selected from the group consisting of: 
a phosphorus sUbstituent according to fbmnuia 3 or a substrtuent acoonding to 
fomnula 6. 

A process according to claim 10 or 1 1 , carried out in the presence of at least 
3, re^ectlvely at least 4 equivalents of an organomagnesium- or an 
orgariolithlum compound, as the base. 

Process according to any of dalms 10^12, wherein the metal-organic 
compound Is f onmed in situ. • 
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ABSTRACT 

The invention related to a process for the preparation of a metal- 
oiBanie compdund. comprising at least one fmlne llgand, oharaoterized In that an Imine 
ligand according toformula 1 or the HA adduol thereof, wherein HA represents an acid 
of which H represents its proton and A its conjugate base, ie contacted with a metal- 
organic reagent of fbnnula 2 in the presence of at least 1 . respectively at least 2 
equivalents of a base, with 

10 Y=N-R , , 

as formula 1, 

wherain Y is selected from a substituted carbon, nitwgen, or phosphorous atom and R 
represents a sitfjstitu^ and with 



15 '^(Li)k(L2)i(L3)JU)„X 



20 



'asfonnula2. 



wherein: 

M represents a group 4 or group 5 metal ion 

V represents the valency of the metallon. being 3, 4 or 5 

Li. U. U. and U represent a Kgand or a group 1 7 halogen atom on M and may be 

equal or different X represents a group 17 halogen atom, 

It, I, m, n = 0, 1 , 2, 3, 4 with Ic-i+^nH-n+iBV. 

The invention further relates to a process for the preparation of a 
polyolefin In the presence of the compound prepared according to the process of the 



25 invention. 



